Objective-To identify early predictors of lumbar spine surgery within 3 years after occupational back injury Summary of Background Data-Back injuries are the most prevalent occupational injury in the United States. Little is known about predictors of lumbar spine surgery following occupational back injury.
Introduction
Back pain is the most costly and prevalent occupational health condition among the U.S. working population. 1, 2 Costs relating to occupational back pain increased over 65% from 1996 through 2002, after adjustment for medical and general inflation. 3 Spine surgeries, including those after occupational back injury, represent a significant proportion of these costs and have faced increasing scrutiny regarding effectiveness and efficacy. 4, 5 Spine surgeries are associated with little evidence for improved population outcomes, 4 yet rates have increased dramatically since the 1990s. [6] [7] [8] [9] Reducing unnecessary spine surgeries is important for improving patient safety and outcomes and reducing surgery complications and health care costs. 10, 11 Although previous studies have investigated predictors of outcomes following lumbar spine surgery, [12] [13] [14] [15] [16] little research has focused on identifying early (after injury) factors associated with receipt of surgery. 17, 18 Knowledge of early predictors of lumbar spine surgery following occupational back injury may help identify workers likely to undergo surgery, which in turn has potential to improve patient outcomes by targeting evidence-based care to such workers. Furthermore, such information is essential for comparative effectiveness studies so that factors associated with receipt of surgery can be assessed and included in adjustment or matching techniques to increase comparability of treatment groups.
We used data from the Washington State Worker's Compensation Disability Risk Identification Study Cohort (D-RISC), a sample of workers with early wage replacement for temporary total disability due to a back injury, to examine the incidence of lumbar fusion and decompression spine surgeries by 3 years after claim submission, identify early Even when controlling for severity of condition and other measures, 43% of workers with low back pain who saw a surgeon first ended up having surgery versus 1.5% of workers who saw a chiropractor first.
In non-workers compensation claim cases, high co-pays can deter patients from seeking chiropractic care and may lead them to seek care from a surgeon as a first treatment option. This may contribute to the dramatic rise in rates of spine surgeries since the 1990s despite little evidence for improved population outcomes.
Reducting unnecessary spine surgeries is important for improving patient safety and outcomes and health care costs.
predictors of surgery, develop a multivariate predictive model of surgery, and evaluate the model's ability to predict surgery. We used previous occupational injury, back injury, chronic back pain-related disability, and lumbar spine surgery literature to identify potential early predictors available in the D-RISC baseline data, which include measures in seven domains (sociodemographic, employment-related, pain and function, clinical status, health care, health behavior, and psychological). [19] [20] [21] [22] We hypothesized that the following baseline variables would be associated with subsequent lumbar spine surgery: older age, 8, 9 higher pain ratings, 16, 19, 23, 24 prescription of opioid medication within 6 weeks from the first medical visit for the injury, 17, 25 worker perception that the job is "hectic", 19 no employer offer of job accommodation after the injury, 19 worse psychological factors, 15, 16, 21, 22 worse injury severity, [4] [5] 17, 19 and rural residence. 8, 26 We also hypothesized that Hispanic, 9, 16, 27, 28 non-white, 8, 9, 16, 28 and female 8, 9, 28 workers would have reduced odds of surgery. Finally, we explored whether other variables predicted subsequent surgery.
Materials and Methods

Setting and Participants
The D-RISC study has been described previously. [19] [20] [21] [22] 25, 29 In brief, workers with back injuries were identified prospectively through weekly claims review from the Washington State Department of Labor and Industries (DLI) State Fund, which covers approximately two-thirds of the state's non-federal workforce. Workers who received some wagereplacement compensation for temporary total disability (four days off work) due to the injury were potentially eligible for the study.
In the D-RISC study, 4,354 potential participants were identified from the DLI claims database between June 2002 and April 2004. As previously reported, 19 1178 (27.1%) could not be contacted successfully soon after the injury, 909 (20.9%) declined enrollment into the study, and 120 (2.8%) were ineligible. The remaining 2147 (49.3%) enrolled in D-RISC and completed a telephone interview, which was conducted a median of 18 days after claim receipt. Study participants were excluded from the D-RISC analysis sample if they were not eligible for compensation in the claim's first year (n=240), were hospitalized for the initial injury (n=16), were missing data on age (n=3), or did not have a back injury according to medical record review (n=3). Thus, 1885 (43.3%) were included in the D-RISC analysis sample. As previously reported, 19 this sample, as compared to workers who received wagereplacement compensation for a back injury but were not in D-RISC, was slightly older [mean age (SD) = 39.4 (11.2) vs. 38.2 (11.1) years, P = 0.001]; contained more women (32% vs. 26%, P <0.001); and had more workers receiving wage-replacement compensation 1 year after claim submission (13.8% vs. 11.3%, P =0.02).
Baseline variables
The D-RISC baseline data came from three sources: administrative claims and medical bill data, medical record review, and worker self-report in telephone interviews. [19] [20] [21] [22] 25, 29 A measure of injury severity was developed for D-RISC and trained occupational health nurses reviewed medical records of visits for the injury and rated injury severity. 22 See Table 1 and Appendix 1 for additional information about the baseline variables. 52 of 111 available D-RISC variables were examined bivariately.
Outcome measures
To determine whether a worker had lumbar spine surgery covered by DLI within 3 years, we used the DLI computerized medical bill database, which includes dates of service and Current Procedural Terminology (CPT) codes for all medical bills paid by DLI in the claim. We identified all lumbar spine surgery bills using the CPT codes shown in Appendix 2. Our CPT codes vary slightly from a previous code list 30 for lumbar spine surgery; there were no differences in counts or types of surgeries when we used that list. The date of surgery was defined as the first date of service for an included CPT code. We identified operations within 3 years (1095 days) from the date DLI received the claim for the back injury. This period was the longest amount of time surgical data were available for all 1885 D-RISC participants. We categorized the surgeries into fusion, decompression, or both operations for descriptive purposes, but combined them for analytical purposes.
Statistical Analyses
Initially, we conducted bivariate logistic regression analyses to examine associations between baseline variables of interest and lumbar spine surgery, adjusted for worker age and gender. We then constructed a multivariate model for predicting surgery that included baseline variables bivariately associated (P < 0.10) with lumbar spine surgery. This criterion of P < 0.10 was used because a standard 0.05 P-value level in a bivariate analysis may exclude variables that may be significant in a multivariate model. 31 Analyses were conducted using Stata versions IC10 and MP12. 32 To evaluate the ability of the multivariate model to distinguish between workers who did versus did not undergo surgery by 3 years, we determined the area under the receiver operating characteristic curve (AUC) and used 10-fold cross validation to estimate the AUC in different sub-samples of the D-RISC data. 33 An AUC from 0.70 to 0.80 is considered acceptable and 0.80 to 0.90 is considered excellent. 19 ,31
Results
Sample characteristics
Study participants (N=1885) were mostly white non-Hispanic (71%; Hispanic 15% and Other 14%) and male (68%). By 3 years after claim receipt, 174 (9.2%) of the workers underwent one or more lumbar spine operations covered by DLI under the same claim as the index back injury. Among the 174 workers with an operation, 137 (78.7%) had decompression only as the first operation in the claim, 6 (3.4%) had fusion only, and 31 (17.8%) had both procedures on the same day. Table 1 shows the baseline variables that had bivariate associations with surgery with P < 0.10. Variables that were not significant in bivariate analyses are listed in Appendix 1. All seven domains contained variables associated with lumbar spine surgery. All variables from the pain and function, health care, and psychological domains were associated with lumbar spine surgery in bivariate analyses. In the sociodemographic domain, suburban residence was associated with higher odds of surgery; younger age, female gender, Hispanic ethnicity, and non-white race were associated with reduced odds. Perception of job as fast-paced, working at current job for less than 6 months, not having returned to original work duties, and not receiving a job accommodation offer from the employer were associated with greater odds of surgery. In the clinical status domain, injury severity, pain radiating below the knee, missing at least 1 month of work due to a previous occupational injury (any type), and receipt of an opioid prescription for the injury were associated with surgery. Using tobacco daily (health behavior domain) was also associated with surgery.
Bivariate Analyses
Multivariate Model
The multivariate model ( 34 and all of the variables in the psychological domain. Finally, we did not include self-report of radiating pain below the knee due to its similarity to radiculopathy in the injury severity measure. 19 Due to missing data on some variables, the multivariate model included 1,857 (98.5%) workers. These workers, as compared to the 28 who were in the D-RISC sample but not in the multivariate model, were less likely to have some college education (52% vs. 61%, P=0.01) No other differences, including undergoing surgery, were identified.
Six variables from four domains contributed independently (P < 0.05) to the prediction of lumbar spine surgery in the multivariate model. Workers with high baseline RMDQ scores had six times the odds of surgery compared with those with low scores. Those with greater injury severity and those whose first provider seen for the injury was a surgeon also had significantly higher odds of surgery, after adjusting for all other variables. The surgery provider category included orthopedic surgeons (n=104 workers seen), neurosurgeons (34), and general surgeons (33). Factors associated with significantly reduced odds of surgery included age younger than 35 years, female gender, Hispanic ethnicity, and chiropractor as first provider seen for the injury. No measures in the employment-related, health behavior, or psychological domains were significant.
The AUC value was 0.93 (95% CI 0.92-0.95), indicating a very high ability for the model to distinguish between participants who did and did not undergo lumbar spine surgery. 31 The cross-validation AUC was also 0.93 (95% CI 0.91-0.95). In additional analyses, inclusion of only the RMDQ score, injury severity, and first provider seen for the injury resulted in an AUC value of 0.89 (95% CI 0.87-0.91) and a cross-validation AUC of 0.89 (95% CI 0.86-0.91).
Discussion
In this sample, 9.2% of workers receiving temporary total disability compensation soon after an occupational back injury went on to have lumbar spine surgery in the next three years. This rate is similar to rates of lumbar spine surgery following occupational back injury reported in other studies (9.8% 17 and 10.8% 27 ). Measures in four domains predicted surgery: sociodemographic, pain and function, clinical status, and health care.
In an adjusted multivariate model, workers with baseline RMDQ scores of 17 or higher on the 0 -24 scale had 6 times the odds (adjusted OR=6.12, 95% CI=1.84-20.42) of surgery, as compared with those with scores of 0-8. The RMDQ has also been shown to be predictive of chronic work disability (in a previous study involving the D-RISC sample), 19 longer duration of sick leave, 36 chronic pain, 24 and other measures of function. 37 In a previous D-RISC study of predictors of chronic work disability after back injury, baseline measures in the psychological domain were highly significant in bivariate analyses, but remained significant in a multivariate model only when the RMDQ was excluded from the model. 19 Previous studies noted that participants with lumbar spinal stenosis and discogenic back pain who did versus did not have surgery did not differ prior to surgery on measures of mental health and pain catastrophizing. 18, 38 In the current study, several psychological variables were significant in bivariate analyses, but none were significant in the multivariate model, with or without inclusion of RMDQ scores. There is evidence that psychological measures predict patient pain and function outcomes after spine surgery 39,40 and research is needed to identify which combination of disease status, psychosocial, and other measures might best guide treatment decision-making for patients with back pain.
The D-RISC injury severity rating also predicted surgery in the multivariate model. This is consistent with previous findings that radiculopathy influences back pain outcomes, including surgeries. 16, 17, 24, 37 Surgeries may be appropriate treatment for radiculopathy. 41 Odds of surgery were highest for workers with reflex, sensory, or motor abnormalities (19 of 58, or 32.8%, received surgery). Odds were also high for workers with symptomatic radiculopathy without such abnormalities (85 of 344, or 24.7%, received surgery). In future studies investigating lumbar spine surgery, it may be informative, if the number of cases is sufficient, to separate these categories.
In Washington State worker's compensation, injured workers may choose their medical provider. Even after controlling for injury severity and other measures, workers with an initial visit for the injury to a surgeon had almost nine times the odds of receiving lumbar spine surgery compared to those seeing primary care providers, whereas workers whose first visit was to a chiropractor had significantly lower odds of surgery (adjusted OR 0. see chiropractors may differ from patients who choose other provider types. 19, 45 It may be of interest to worker's compensation programs to evaluate a gatekeeper approach to help ensure the need for lumbar spine surgery.
As hypothesized, Hispanic participants had lower odds of surgery. Prior research has also observed lower rates of spine surgery among Hispanics. 8, 9, 27, 28, 46 In an earlier study, Spanish-speaking workers had significantly fewer lumbar spine surgeries within two years of work injury compared to non-Hispanic whites (7.4% vs. 11.0%). 27 These lower odds may reflect cultural barriers and less willingness to undergo surgeries; 9,47 lack of familiarity or understanding of surgery; 9,48 fewer physician referrals to surgery; 28 and discouragement, lack of information, or bias from employers. 4 Receipt of a prescription for an opioid medication within 6 weeks of claim receipt was not significant in the multivariate model. A previous study linked early opioid use to receiving lumbar spine surgery for a work-related injury, although the study inclusion criteria and methods differed from those of D-RISC. 17 When we matched our inclusion criteria and methods to that study, an opioid prescription was still not significant. We speculate that the difference may be that in the previous study, a measure of worker-related function was not included, whereas in our study the RMDQ was a highly significant predictor of surgery and opioid prescription was no longer significant after adjusting for RMDQ socres. 17 The multivariate model had excellent ability to distinguish between workers who did or did not have surgery. A model that included only the RMDQ, injury severity, and first provider seen for the injury also had a very high ability to identify workers who did or did not undergo surgery. These three variables may be of use in future research to predict lumbar spine surgery after occupational back injury; they are relatively simple to obtain, use, and interpret.
Our study has some limitations. We had no ability to capture information on surgery covered outside DLI, although it is reasonable to assume that surgeries for the index back injury would be covered by DLI. Although the D-RISC sample consisted of workers with back injuries, some of the CPT codes are not restricted to lumbar-specific spine surgeries. The extent to which our findings may generalize to other settings is unknown. Nonetheless, the study has notable strengths, including complete data for the entire sample on surgery covered by worker's compensation and a large prospective sample of workers who provided detailed information shortly after injury on several factors, as well as data from other sources.
Variables from several domains predicted lumbar spine surgery after occupational back injury. Surgeries were predicted by factors beyond aspects of the injury, such as age, gender, ethnicity, and first provider seen for the injury. Knowledge of surgery predictors may inform interventions or studies on care management of workers with occupational back injuries, including comparative effectiveness studies of surgery for back pain.
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